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Title of the invention: Method for producing paper 
Application No. 1990-302660 
Filing Date: November 9, 1990 
Inventors: Hiroshi Kosuge, et al. 

C/o Mitsui Cyanamid Co. 

1190, Kasama-cho, Sakae-ku, Yokohama City, Kanagawa 
Pref . 

Applicant: Mitsui Cyanamid Co. 

2-3-13, Toranomon, Minato-ku, Tokyo 
Patent attorney: Masao Inoue 
Claims : 

(1) A method for producing paper, comprising the step of adding 
to a stock suspension, a polymer emulsion obtained by 
emulsion-polymerizing a monomer (I) represented by the following 

general formula: R' R* 

HaC-C-C-A-CH»-N ci ) 

6 A. 

(where Ri denotes H or CH 3 ; R2 and R3 .denote, respectively 
independently, an alkyl group represented by CnH 2 n+i; n denotes a 
positive integer; A denotes -0-CH2- or -NH-CH2-CH2-; and Ri, R 2 and 
R 3 are selected to ensure that the monomer becomes slightly soluble 
or insoluble in water) and a crosslinking agent, or 
emulsion-polymerizing a mixture consisting of the monomer (I), a 



crosslinking agent and one or more monomers (II) selected from 
(meth) acrylic esters, acrylonitrile and styrene, respectively in 
water, or adding to a stock suspension, a water-swellable polymer 
obtained by letting the polymer emulsion react with an acid, salt 
or quaternizing agent. 

(2) A method for producing paper, according to claim 1, wherein 
the monomer (I) is diethylaminoethyl (meth) acrylate . 

(3) A method for producing paper, according to claim 1, wherein 
the acid is selected from hydrochloric acid, sulfuric acid, acetic 
acid, sulfamic acid, phosphoric acid and citric acid. 

(4) A method for producing paper, according to claim 1, wherein 
the salt is selected from aluminum sulfate, aluminum chloride and 
ferric chloride. 

(5) A method for producing paper, according to claim 1, wherein 
the quaternizing agent is selected from dimethylsulf uric acid, 
diethylsulfuric acid, benzyl chloride, methyl chloride and 
epichlorohydrin . 

(6) A method for producing paper, comprising the step of adding 
to a stock suspension, the polymer emulsion or the water-swellable 
polymer obtained by letting the polymer emulsion react with an acid, 
salt or quaternizing agent as set forth in claim 1, together with 
a water-soluble vinyl-based polymer. 

(7) A method for producing paper, according to claim 6, wherein 
the water-soluble vinyl-based polymer is an anionic 
acrylamide-based copolymer containing 10 mol% or more of 
(meth) acrylic acid groups. 



Detailed description of the invention: 

[Industrial Field of Application] 

The present invention relates to a method for producing paper 
excellent in the effect of enhancing the yield of a filler or fine 
fibers especially in the papermaking industry, and also relates 
to a method for producing paper, in which the production of the 
substance used in this case is easy. 
[Prior art] 

In general, paper contains an inorganic filler such as kaolin, 

calcium carbonate, titanium dioxide, clay or talc. Any of these 

fillers is added for the purpose of improving the whiteness, opacity, 

several 

printability and the like of paper, and it can happen that^tens 
of percent of a filler is contained in dry paper. In the case where 
paper with such a high filler content is produced, it is usually 
practiced to use a yield-enhancing agent, f reeness-improving agent 
and the like for the purposes of enhancing the filler yield, 
enhancing the product yield, or enhancing the fine fiber yield and 
enhancing the fixing rate for decreasing the burden of collecting 
white water and treating waste water. 

For these purposes, used are organic macromolecular compounds 
such as polyacrylamide, polyethyleneimine, polyamine, 
epichlorohydrin-modified polyamide-polyamine, and polyacrylamide 
derivatives, and inorganic compounds such as aluminum sulfate. 

Furthermore, in recent years, various systems formed by combining 
were 

these compounds a#e- proposed. 

For example, a method of using cationic polyacrylamide and 



anionic polyacrylamide together is publicly known as a dual system. 

A method of using bentonite that is an inorganic compound is 

also publicly known. JP55-152899 proposed a method of using it 

together with a nonionic polymer, and JP62-191598 proposed a method 

of using it together with a cationic polymer. 

Furthermore, methods of using colloidal silica and a cationic 
were 

polymer together disclosed in JP57-51900A, JP62-15391A, etc. 

Moreover, JP63-235596A disclosed a method of using 
water-swellable cationic polymer particles and a water-soluble 
polyacrylamide derivative together. - 
[Problems to be solved by the invention] 

However, none of the aforesaid organic macromolecular 
compounds and inorganic compounds can provide a sufficient 
yield-enhancing effect. The systems using some of them together 
also have several problems. 

For example, the dual system using a cationic water-soluble 
polymer and an anionic water-soluble polymer together has such 
problems that the yield cannot be enhanced greatly compared with 
that achieved by using either of the water-soluble polymers alone, 
and that using two liquids together raises the cost. 

Furthermore, a problem common to these water-soluble polymers 
is that it takes a very long time for dissolving them. 

Such inorganic compounds as bentonite and colloidal silica 
remarkably fluctuate in chemical composition, particle shape, etc. 
In addition, since bentonite has a relatively large particle size, 
it is insufficient in surface area, and must be used in a large 
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amount together with a large amount of a polymer. So, the 
yield-enhancing effect is not sufficient. Furthermore, bentonite 
per se is colored, and the produced paper rather degrades in 
whiteness . 

Colloidal silica has such problems that a very large amount 

of a cationic polymer is necessary, and that it can exhibit the 

yield-enhancing effect only in a narrow acidic range. Furthermore, 

thus being 

since it is expensive, it raises the cost, disadvantageous*?. 

In the method of using water-swellable cationic polymer 

particles, since the polymer particles are synthetic, they are 

relatively less irregular. However, since the polymer is 

synthesized by a water-in-oil emulsion-polymerization method, the 

use of the water-swellable cationic polymer particles has such 

problems that the oil component as the dispersion medium strays 
and 

into the system, that the product cost is high, and that a long 
time period and special equipment are necessary even though the 
dissolving time is shorter than that of a powder. Furthermore, 
since the particles also have a large size, their surface area is 
not sufficient. 

[Means for solving the problems] 

This invention has been completed in view of the aforesaid 
problems. In this invention, said polymer emulsion or said 
water-swellable polymer obtained by letting it react with an acid, 
salt or quaternizing agent is added alone or together with a 
vinyl-based polymer, to a stock suspension, for remarkably 
enhancing the yields of the filler and fine fibers. 



Moreover, though the production of the conventional 
yield-enhancing agents takes a long time period, the polymer 
emulsion or the water-swellable polymer used in this invention can 
be produced easily in a very short time period. 

This invention is described below in detail. The term, 
"{meth) acryl, " used in this specification means both acryl and 
methacryl. For example, a w (meth) acrylic ester" means both an 
acrylic ester and a methacrylic ester. 

As examples of the monomer (I) represented by the general 
formula (I) as an essential ingredient of this invention, enumerated 
are diethylaminoethyl (meth) acrylate, dipropylaminoethyl 
(meth) acrylate, diisopropylaminoethyl (meth) acrylate, 

(meth) acrylate, diisobutylaminoethyl 
di-t-butylaminoethyl (meth) acrylate, 

(meth) acrylate, dineopentylaminoethyl 
dihexylaminoethyl (meth) acrylate, 

(meth) acrylate, diethylaminopropyl 
dipropylaminopropyl (meth) acrylamide, 

diisopropylaminopropyl (meth) acrylamide, dibutylaminopropyl 
(meth) acrylamide, diisobutylaminopropyl (meth) acrylamide, 
di-t-butylaminopropyl (meth) acrylamide, dipentylaminopropyl 
(meth) acrylamide, dineopentylaminopropyl (meth) acrylamide, 
dihexylaminopropyl (meth) acrylamide, dioctylaminopropyl 

(meth) acrylamide, etc . 

As the crosslinking agent, a crosslinking agent 
copolymerizable with said monomer (I) can be used. As examples of 



dibutylaminoethyl 
(meth) acrylate, 
dipentylaminoethyl 
(meth) acrylate, 
dioctylaminoethyl 
(meth) acrylamide, 



the crosslinking agent, enumerated are ethylene glycol 
di (meth)acrylate, diethylene glycol di (meth) acrylate, 
polyethylene glycol di (meth) acrylate, propylene glycol 
di (meth) acrylate, dipropylene glycol di (meth) acrylate, 
polypropylene glycol di (meth) acrylate, 1,2-butylene glycol 
di (meth) acrylate, 1,3-butylene glycol di (meth) acrylate, glycerol 
tri (meth) acrylate, pentaerythritol tetra (meth) acrylate, 

N,N'-methylenebis(meth)acrylamide, divinylbenzene, divinyl ether, 
diallyl phthalate, diallyl maleate, diallylamine, triallylamine, 
vinyl (meth) acrylate, allyl (meth) acrylate, glycerol 
di (meth) acrylate, trimethylolpropane tri (meth) acrylate, 

2 -hydroxy- 3 -aery loyloxypropyl methacrylate, neopentyl glycol 
di (meth) acrylate, etc. The added amount of the crosslinking agent 
is in a range from 0.005 to 5 wt%, preferably 0.01 to 2 wt% based 
on the weight of the monomer (I) . 

In the case where the amount of the crosslinking agent is less 
than 0.005 wt%, even if it reacts with an acid, salt or quaternizing 
agent, water swellability cannot be obtained. In the case where 
the amount is more than 5 wt%, water absorbability declines. 

As examples of the monomer (II) selectively used in this 
invention, enumerated are (meth) acrylic esters such as methyl 
(meth) acrylate, ethyl (meth) acrylate, n-propyl (meth) acrylate, 
isopropyl (meth) acrylate, n-butyl (meth) acrylate, isobutyl 
(meth) acrylate, t-butyl (meth) acrylate, n-pentyl (meth) acrylate, 
neopentyl (meth) acrylate, cyclopentyl (meth) acrylate, n-hexyl 
(meth) acrylate, cyclohexyl (meth) acrylate, n-octyl (meth) acrylate, 
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isooctyl (meth) acrylate, 2-ethylhexyl (meth) acrylate, n-decyl 
(meth) acrylate, isodecyl (meth) acrylate, lauryl (meth) acrylate, 
tridecyl (meth) acrylate, stearyl (meth) acrylate, isostearyl 
(meth) acrylate, behenyl (meth) acrylate, phenyl (meth) acrylate, 
toluyl (meth) acrylate, xylyl (meth) acrylate, benzyl 
(meth) acrylate, 2-phenylethyl (meth) acrylate, isobornyl 
(meth) acrylate, 2-hydroxyethyl (meth) acrylate, 2-hydroxypropyl 
(meth) acrylate, 3-hydroxypropyl (meth) acrylate, 2-hydroxybutyl 
(meth) acrylate, 3-hydroxybutyl (meth) acrylate, 4-hydroxybutyl 
(meth) acrylate, p-hydroxyphenyl (meth) acrylate, glycerol 
mono (meth) acrylate, 2-methoxyethyl (meth) acrylate, 2-ethoxyethyl 
(meth) acrylate, 2-butoxyethyl (meth) acrylate, 2-phenoxyl 
(meth) acrylate, 2-methoxypropyl (meth) acrylate, 3-methoxypropyl 
(meth) acrylate, 2-ethoxypropyl (meth) acrylate, 3-ethoxypropyl 
(meth) acrylate, 2-methoxybutyl (meth) acrylate, 3-methoxybutyl 
(meth) acrylate, 4-methoxybutyl (meth) acrylate, 

tetrahydrofurf uryl (meth) acrylate, methoxydiethylene glycol 
(meth) acrylate, methoxytriethylene glycol (meth) acrylate, 
methoxydipropylene glycol (meth) acrylate, polyethylene glycol 
mono (meth) acrylate, polypropylene glycol mono (meth) acrylate, 
polybutylene glycol mono (meth) acrylate, dimethylaminoethyl 
(meth) acrylate, dimethylaminopropyl (meth) acrylate, 

dimethylaminobutyl (meth) acrylate, 2-sulfoethyl (meth) acrylate, 
2-sulfopropyl (meth) acrylate, 3-sulf opropyl (meth) acrylate, 
2-sulfobutyl (meth) acrylate, 3-sulfobutyl (meth) acrylate, 
4-sulfobutyl (meth) acrylate, 2-phosphoethyl (meth) acrylate, 
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2-phosphopropyl (meth) acrylate, 3-phosphopropyl (meth) acrylate, 
2-phosphobutyl (meth) acrylate, 3-phosphobutyl (meth) acrylate, 
4-phosphobutyl (meth) acrylate f ethyl succinate (meth) acrylate, 
ethyl phthalate (meth) acrylate, 3~chloro-2-hydroxypropyl 
(meth) acrylate, and trichloroethyl (meth) acrylate, acrylonitrile, 
styrene, etc. The added amount of the monomer (II) is in a range 
from 0 to 70 wt%, preferably 0 to 50 wt% based on the total weight 
of all the monomers. 

As the surfactant used for emulsion polymerization, an 
ordinary anionic, nonionic or cationic surfactant can be used. As 
the examples of the surfactant, enumerated are sodium 
alkylbenzenesulfonates, alkyl sulfates, sodium alkylsulfonates, 
polyoxyethylene alkyl ether sulfates, polyoxyethylene alkyl phenyl 
ether sulfates, polyoxyethylene alkyl ethers, polyoxyethylene 
alkyl phenyl ethers, alkylamines, betaine type, etc. In general, 
using an anionic surfactant and a nonionic surfactant together gives 
a more stable emulsion polymer with a small condensate content. 

As the polymerization catalyst used, a general radical 
polymerization. initiator such as a peroxide or azo compound is used, 
but a water-soluble polymerization initiator is especially 
preferred. As examples of the water-soluble polymerization 
initiator, enumerated are peroxides such as ammonium persulfate, 
potassium persulfate, peracetic acid and hydrogen peroxide, and 
azo compounds such as 2, 2' -azobis-2-amidinopropane hydrochloride, 
and 4 , 4 ' -azobis-4-cyanopentanoic acid. In the case where a 
peroxide is used as an initiator, as required, an adequate reducing 



agent can also coexist for use as a redox initiator. 

The polymerization can be carried out by an ordinary emulsion 
polymerization method, and the molecular weight of the obtained 
polymer can be selected to suit the application. A typical range 
of the average molecular weight (viscosity method) is from about 
10 to about one million. 

The polymer emulsion obtained like this does not show water 
swellability as it is, but JP2-225507A describes that if it is made 
to react with an acid, salt or quaternizing agent, the reaction 
product can absorb water to swell. 

As for the reaction method, the polymer emulsion can be added 
to water containing an acid beforehand, or on the contrary, an acid 
can also be added to a mixture consisting of water and the polymer 
emulsion . 

As preferred examples of the acid, enumerated are 
hydrochloric acid, sulfuric acid, nitric acid, acetic acid, formic 
acid, maleic acid, fumaric acid, citric acid, tartaric acid, adipic 
acid, sulfamic acid, toluenesulf onic acid, etc. As preferred 
examples of the salt, enumerated are strong acidic weak basic salts 
such as aluminum sulfate, aluminum chloride, ferric chloride, etc. 

As examples of the quaternizing agent, enumerated are alkyl 
halides such as methyl chloride, ethyl chloride, methyl bromide, 
and methyl iodide, and general alkylating agents such as dimethyl 
sulfate and diethyl sulfate. 

The used amount of the acid, salt or quaternizing agent is 
in a range from 0.3 to 3.0 equivalents, preferably 0.5 to 2.0 
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equivalents based on the amount of the polymer (I) . 

In this invention, if a vinyl-based polymer is used together 
with a polymer emulsion or a water-swellable polymer obtained by 
letting the polymer emulsion react with an acid, salt or 
quaternizing agent, a high yield-enhancing effect can be obtained. 

As the vinyl-based polymer, enumerated are various 
non-modified, anion-modif ied or cation-modified polymers obtained 
by publicly known methods such as acrylamide-based polymers, 
acrylic ester-based polymers, and vinyl ester-based polymers. 
Preferred is an acrylamide-based polymer. 

It is preferred that the composition is nonionic or anionic, 
and an anionic acrylamide-based polymer containing 10 mol% or more 
of (meth) acrylic acid groups is preferred. 

It is preferred that the intrinsic viscosity [r|] of the 
solution of the vinyl-based polymer is in a range from about 6 to 
about 20 as a value obtained from the value measured in lN-NaN03 
at 30°C. If the intrinsic viscosity is less than 6, the cohesion 
effect due to the adsorptive crosslinking between particles is small, 
and it is not preferred that the viscosity is too large on the 
contrary, since the resulting strong cohesion effect aggravates 
the formation of the produced paper. 

In this invention, the added amount of the polymer emulsion 
or the water-swellable polymer obtained by letting the polymer 
emulsion react with an acid, salt or quaternizing agent is in a 
range from 0.005 wt% to 0.5 wt%, preferably 0.01 to 0.1 wt% as the 
solid content of the polymer, based on the solid content of the 



stock suspension. 

As for the concentration, since the polymer emulsion or 
water-swellable polymer is used in such a state that 
water-absorbable particles perfectly absorb water, it is preferred 
that the polymer emulsion or water-swellable polymer is diluted 
to 0.1% or less as the solid content of the polymer/ using water 
if the water swellability is 1000 times, or to 0.2% or less if the 
swellability is 500 times, or to 0.05% or less if the swellability 
is 2000 times. 

As for the adding method, in the case where the polymer 
emulsion is added, it is diluted to an adequate concentration before 
it is added. In the case where the water-swellable polymer is added, 
the water-swellable polymer obtained by letting the water emulsion 
react with an acid, salt or quaternizing agent can be added, or 
an acid, salt or quaternizing agent can also be added to the stock 
suspension that already contains the polymer emulsion. 

In the case where the water-soluble vinyl-based polymer is 
used together, the added amount of the water-soluble vinyl-based 
polymer is in a range from 0 to 0.3 wt%, preferably 0.003 to 0.1 
wt% as the solid content of the polymer, based on the solid content 
of the stock suspension. If the amount is too large, the cohesion 
effect is too large, causing the suspended solid to be like flock, 
thereby aggravating the formation of the produced paper. As for 
the adding method, in general, the polymer is diluted and dissolved 
using water to a concentration of about 0.1 to about 1%, and the 
polymer emulsion or water-swellable polymer is added, being 



followed by the addition of the water-soluble vinyl-based polymer. 

This method assures good yield enhancement. 

[Examples] 

This invention is described below particularly based on 
examples, but is not limited thereto or thereby. In the examples, % 
means wt% unless otherwise stated. 
Prod uction Example 1 

A 1.5-liter four-neck flask equipped with a stirrer, 
condensing tube, nitrogen-introducing tube and thermometer was 
charged with a monomer (I) , crosslinking agent, surfactant and 800 
g of distilled water, and with stirring, nitrogen gas was introduced 
for removing oxygen. The content of the flask was kept at a 
predetermined temperature . Then, a catalyst was added to carry out 
polymerization for 5 hours, for obtaining a milky white oil-in-water 
emulsion. The charged amounts are shown in Table 1. 
Produ ction Example 2 

The same flask as used in Production Example 1 was charged 
with a monomer (I), 0.4 g of ethylene glycol dimethacrylate as a 
crosslinking agent, monomer (II), 8.0 g of Emulgen 913 (produced 
by Kao Corp.), 4.0 g of Nyukol 271A (produced by Nippon Nyukazai 
Co. , Ltd. ) , and 800 g of distilled water, and with stirring, nitrogen 
gas was introduced for removing oxygen. The content of the flask 
was kept in a temperature range from 15°C to 20°C. Then, 0.8 g of 
ammonium persulf ate, and 0 . 2 g of sodium hydrogensulf ite were added, 
and polymerization was carried out for 5 hours, to obtain a milky 
white oil-in-water emulsion. The charged amounts are shown in 



Table 2. 

The vinyl-based polymers used were acrylamide/acrylic acid 
= 90/10 wt% copolymer ( [r\] = 14) (polymer 1) , acrylamide homopolymer 
([H = 13] (polymer 2), 

acrylamide/ (2-methacryloyloxyethyl) trimethylammonium chloride = 
75/25 wt% ([r|]) (polymer 3) for comparison, and 
(2-methacryloyloxyethyl ) trimethylammonium chloride homopolymer 
( [-q] = 8.5) (polymer 4) for comparison, respectively obtained by 
aqueous solution polymerization. 



Table 1 





Production Example 


Compa- 
rative 
example 


A 


B 


C 


D 


E 


F 


G 


H 


R 


Diethylaminoethyl methacrylate 


400 


400 


400 


400 


400 


400 


200 
200 


400 


360 


Diethylaminoethyl acrylate 
Ethylene qlycol dimethacrylate 


0.4 




0.4 




0.4 


0.4 


0.4 




40 


N, N' -methylenebisacrylamide 




0.4 




0.4 








0.4 




Emulqen 913 (1) 


8 


8 


8 


4 


4 


8 


4 


8 


8 


Nyukol 271A (2) 
Quartamin 86P Conq (3) 








4 

0.5 


4 

0.5 


0.8 


4 

0.8 


0.8 


0.8 


Ammonium persulfate 
Sodium hydrogensulf ite 
V50 (4) 


0.8 
0.2 


0.9 
0.2 


1.2 


0.1 


0.1 


0.2 


0.2 


0.2 


0.2 


Temperature (°CJ 


15 


15 


50 


20 


20 


15 


25 


15 


15 



(1) 


Emulgen 913 produced by Kao Corp. 




(2) 


Nyukol 271A produced by Nippon Nyukazai Co., 


Ltd. 


(3) 


Quartamin 86P Conq produced by Kao Corp. 




(4) 


Azobisamidinopropane hydrochloride produced 


by Wako Pure 




Chemical Industries, Ltd. 
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Table 2 





Production Example 


Comparati 
Example 


ve 


I 


J 


K 


L 


M 


N 


0 


P 


Q 


S 


T 


U 


Diethylaminoethyl 
methacrylate 


280 


200 


280 


200 


280 


200 


200 


280 


200 


40 


0 


0 


Methyl methacrylate 


120 


200 




120 










30 


360 


300 


100 


Ethyl methacrylate 






120 


80 


















Lauryl acrylate 










120 


100 














2-ethylhexyl 
methacrylate 












100 






50 




100 


100 


Acrylonitrile 














200 












Styrene 
















120 


120 






200 



Wor king Examples 1 to 15 and Comparative Examples 1 to 12 

The polymer emulsions A to Q and comparative polymer emulsions 
R to U obtained in Production Examples 1 and 2 and said vinyl-based 
polymers 1 to 4 were used for yield tests. 

The polymer emulsions, polymers and the like were diluted or 
dissolved to a solid content of 0.1%. 

The stock suspension used was a pulp slurry obtained by 
diluting NBKP (with a freeness of 400 ml/C.S.F. ) to 0.8%, and adding 
1 . 5% of aluminum sulfate, 0 . 5% of cationized starch and 40% of heavy 
calcium carbonate Escalon #800 as a filler (produced by Sankyo 
Seifun K.K. ) to the diluted NBKP . (Each value indicates dry wt% 
based on the weight of pulp.) 

To the pulp slurry, at first a polymer emulsion was added, 
and the mixture was sufficiently stirred. Then, a vinyl-based 
polymer, when used, was added. For the heavy calcium carbonate 
yield test, a Britt Dynamic Drainage Jar Tester (screen 60-mesh) 
was used at 800 rpm. The results are shown in Table 3. 
Working Examples 16 to 38 and Comparative Examples 13 to 1 6 

Tests were carried out as described for the above-mentioned 



examples, except that the water-swellable polymers obtained by 
letting the polymer emulsions A to Q and comparative polymer 
emulsions R to U obtained in Production Examples 1 and 2 react with 
an acid, salt or quaternizing agent were diluted to a solid content 
of 0.1%. The results are shown in Table 4. 

Working Exampl es 39 to 61 and Co mparative Examples 17 to_20_ 

Tests were carried out as described for the above examples, 
except that an acid, salt or quaternizing agent was added to the 
stock suspension for reaction. The results are shown in Table 5. 
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Table 3 





Yield-enhancinq aqent 


Heavy calcium 
carbonate 
one-pass 
retention 




Polymer 
emulsion 


Added amount 
(% based on 
amount of 
pulp) 


Vinyl 
based 
polymer 


Added amount 
(% based on 
amount of 
puip) 


Comparat ive 
Example 1 






1 


0.01 


12.0 


Comparative 
Example 2 


- 


- 


i_ 


0.03 


22.0 


Comparative 
Example 3 


_ 


- 


2 


0.05 


30.7 


Comparative 
Example 4 


_ 


- 


2 


0.1 


23.8 


Comparative 
Example 5 


Polymer 3 


p. 15 


1 


0.05 


32.9 


Comparative 
Example 6 


Polymer 3 


0.15 


1 


0.1 


36.3 


Comparative 
Example 7 


Polymer 4 


0.1 


1 


0.05 


40.2 


Comparative 
Example 8 


Polymer 4 


0.15 


1 


0.05 


42.5 


Working 
Example 1 


A 


0.05 


- 


- 


36.9 


Working 
Example 2 


A 


0.07 




- 


41.3 


Working 
Example 3 


A 


0.05 


1 


0.01 


55.4 


Working 
Example 4 


B 


0.1 


2 


0.03 


64.7 


Working 
Example 5 


C 


0.05 


- 


- 


51.0 


Working 
Example 6 


D 


0.1 


- 


- 


55.0 


Working 
Example 7 


E 


0.1 


- 


- 


49.8 


Working 
Example 8 


F 


0.05 


- 


- 


48.5 


Working 
Example 9 


G 


0.05 


1 


0.03 


55.5 


Working 
Example 10 


H 


0.1 


1 


0.03 


49.3 


Working 
Example 11 


I 


0.05 


2 


0.01 


39.9 


Working 
Example 12 


M 


0.1 


1 


0.02 


42.3 


Working 
Example 13 


0 


0.05 


1 


0.02 


40.1 


Working 
Example 14 


P 


0.1 


2 


0.01 


41.5 


Working 
Example 15 


Q 


0.1 


2 


0.01 


39.8 


Comparative 
Example 9 


R 


0.1 






15.8 


Comparative 
Example 10 


S 


0.1 






16.9 


Comparative 
Example 11 


T 


0.1 






12.5 


Comparative 
Examole 12 


U 


0.1 






13.9 
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Table 4 





Yield-enhancinq aqent 


Heavy 

calcium 

carbonate 

one-pass 

retention 


Acid, salt or 
quarternizing 
agent 




Polymer 
emulsion 


Added amount 
(% based on 
amount of 
pulp) 


Vinyl 
based 
polymer 


Added amount 
(% based on 
amount of 
pulp) 


Working 
Example 16 


A 


0.05 


- 




42.5 


Dimethyl- 
sulfuric acid 


Working 
Example 17 


A 


0.07 


- 


- 


45.3 


DimeLhyl- 
sulfuric acid 


Working 
Example 18 


A 


0.1 


- 


- 


51.1 


Diethyl- 
sulfuric acid 


Working 
Example 19 


A 


0.05 


1 


0.01 


63.5 


Diethyl- 
sulfuric acid 


Working 
Example 20 


A 


0.05 


1 


0.02 


72.4 


Hydrochloric 
acid 


Working 
Example 21 


A 


0.05 


1 


0.03 


76.7 


Hydrochloric 
acid 


Working 
Example 22 


B 


0.05 


- 


_ 


45.2 


Hydrochloric 
acid 


Working 
Example 23 


B 


0.1 


- 


- 


53.3 


Hydrochloric 
acid 


Working 
Example 24 


B 


0.05 


2 


0.01 


65.4 


Dimethyl- 
sulfuric acid 


Working 
Example 25 


C 


0.05 


- 


- 


41.0 


Dimethyl- 
sulfuric acid 


Working 
Example 26 


C 


0.05 


2 


0.01 


66.9 


Dime thy 1- 
sulfuric acid 


Working 
Example 27 


D 


0.1 


- 


- 


55.8 


Acetic acid 


Working 
Example 28 


E 


0.1 


- 


- 


55.2 


Acetic acid 


Working 
Example 29 


F 


0.1 


1 


0.02 


69.3 


Sulfamic acid 


Working 
Example 30 


G 


0.05 


1 


0.02 


67 .4 


Sulfamic acid 


Working 
Example 31 


H 


0.05 


- 


- 


49.5 


Sulfamic acid 


Working 
Example 32 


J 


0.1 


1 


0.03 


38.7 


Aluminum 
chloride 


Working 
Example 33 


K 


0.1 


1 


0.02 


37.5 


Aluminum 
chloride 


Working 
Example 34 


L 


0.1 


2 


0.02 


41.1 


Aluminum 
chloride 


Working 
Example 35 


M 


0.1 


2 


0.02 


45.9 


Dimethyl- 
sulfuric acid 


Working 
Example 36 


N 


0.1 


1 


0.03 


50.2 


Dimethyl- 
sulfuric acid 


Working 
Example 37 


P 


0.1 


1 


0.03 


47.8 


Dimethyl- 
sulfuric acid 


Working 
Example 38 


Q 


0.1 


1 


0.02 


45.3 


Dimethyl- 
sulfuric acid 


Comparative 
Example 13 


R 


0.1 


1 


0.03 


21.6 


Dimethyl- 
sulfuric acid 


Comparative 
Example 14 


S 


0.1 


1 


0.03 


13.7 


Dimethyl- 
sulfuric acid 


Comparative 
Example 15 


T 


0.1 


2 


0.03 


19.8 


Dimethyi- 
sulfuric acid 


Comparative 
Example 16 


U 


0.1 


2 


0.03 


17.5 


Dimethyl- 
sulfuric acid 
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Table 5 





Yield-enhancing aqent 


Heavy 

calcium 

carbonate 

one-pass 

retention 


Acid, salt or 
quarternizing 
agent 




Polymer 
emulsion 


Added amount 
{% based on 
amount of 
Dulp) 


Vinyl 
based 
polymer 


Added amount 
(% based on 
amount of 
pulp) 


Example 39 


A 


0.05 


- 




40.1 


Hydrochloric 
acid 


Wo r king 
Example 40 


A 


0.07 


- 


- 


42.8 


Hydrochloric 
acid 


Example 41 


A 


0-1 


- 


- 


50.9 


Aluminum 
chloride 


Wo rking 
Example 42 


A 


0.05 


1 


0.01 


61.5 


Aluminum 
chloride 


Working 
Example 43 


A 


0.05 


1 


0.02 


69.7 


Aluminum 
chloride 


Working 
Example 44 


A 


0.05 


1 


0.03 


70.2 


Sulfamic acid 


Working 
Example 45 


B 


0.05 


- 


- 


43.8 


Sulfamic acid 


Working 
Example 4 6 


B 


0.05 


- 




50.4 


Acetic acid 


Working 
Example 47 


B 


0.1 


2 


0.01 


64 .7 


Acetic acid 


Working 
Example 48 


C 


0.05 


- 


- 


40.9 


Acetic acid 


Working 
Example 4 9 


C 


0.05 


2 


0.01 


60-3 


Acetic acid 


Working 
Example 50 


D 


0.1 


- 


- 


52.5 


Hydrochloric 
acid 


Working 
Example 51 


D 


0.1 


1 


0.02 


58 .6 


Hydrochloric 
acid 


Working 
Example 52 


E 


0.1 


1 


0.01 


65.4 


Sulfuric acid 


Working 
Example 53 


F 


0.1 


2 


0.01 


63.1 


Sulfuric acid 


Working 
Example 54 


G 


0.05 


- 


- 


49.5 


Citric acid 


Working 
Example 55 


H 


0.05 


1 


0.03 


62.8 


Citric acid 


Working 
Example 56 


I 


0.1 


2 


0.02 


35.7 


Aluminum 
chloride 


Working 
Example 57 


J 


0.1 


1 


0.02 


33.9 


Aluminum 
chloride 


wo r King 
Example 58 


L 


0.1 


2 


0.03 


39.8 


Aluminum 
chloride 


W v lr n r> r~f 

W OITK i riy 

Example 59 


N 


0.1 


2 


0.03 


37.5 


Acetic acid 


Working 
Example 60 


0 


0.1 


2 


0.03 


42.9 


Acetic acid 


Working 
Example 61 


P 


0.1 


1 


0.02 


48.5 


Acetic acid 


Comparative 
Example 17 


R 


0.1 


1 


0.03 


22.9 


Sulfamic acid 


Comparative 
Example 18 


S 


0.1 


1 


0.03 


11.6 


Sulfamic acid 


Comparative 
Example 19 


T 


0.1 


2 


0.03 


18.5 


Sulfamic acid 


Comparative 
Example 20 


U 


0.1 


2 


0.03 


16.6 


Sulfamic acid 



As can be seen from Table 3, compared with Comparative 
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Examples 1 to 4 respectively using polymer 1 or 2 alone, the 
respective working examples are excellent in the yield of heavy 
calcium carbonate. 

Furthermore, in the case where a polymer emulsion obtained 
by using an excessive amount of a crosslinking agent is used as 
in Comparative Example 9 or in the case where a polymer emulsion 
obtained by using a very small amount of a monomer (I) is used as 
in Comparative Examples 10 to 12, a sufficient yield-enhancing 
effect cannot be obtained. 

As can be seen from Tables 4 and 5, in the case where a polymer 
emulsion containing a very small amount of a monomer (I) is used 
as in the comparative polymer emulsions S to U, the yield-enhancing 
effects are low compared with those of working examples. 
Furthermore, in comparison with Table 3, a polymer emulsion made 
to react with an acid, salt or quaternizing agent gives a more 
excellent yield-enhancing effect. 
[Effects of the invention] 

The method of this invention is more excellent in the effect 
of enhancing the yields of filler, fine fibers and the like in the 
stock suspension than the conventional methods, and allows very 
easy production of the polymer emulsion or the water-swellable 
polymer used in the method of this invention. So, such effects as 
the yield stabilization in the papermaking process, the decrease 
of chemicals used, and the decrease in the burden of collecting 
white water and treating the waste water can be improved to allow 
technical improvement in the papermaking process. 



